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ABSTRACT 

Context. Supermassive black holes with masses of 10 5 - 10 9 M o are believed to inhabit most, if not all, nuclear regions of galaxies, 
and both observational evidence and theoretical models suggest a scenario where galaxy and black hole evolution are tightly related. 
Luminous AGNs are usually selected by their non-stellar colours or their X-ray emission. Colour selection cannot be used to select 
low-luminosity AGNs, since their emission is dominated by the host galaxy. Objects with low X-ray to optical ratio escape even the 
deepest X-ray surveys performed so far. In a previous study we presented a sample of candidates selected through optical variability 
in the Chandra Deep Field South, where repeated optical observations were performed in the framework of the STRESS supernova 
survey. 

Aims. The analysis is devoted to breaking down the sample in AGNs, starburst galaxies, and low-ionisation narrow-emission line 
objects, to providing new information about the possible dependence of the emission mechanisms on nuclear luminosity and black- 
hole mass, and eventually studying the evolution in cosmic time of the different populations. 

Methods. We obtained new optical spectroscopy for a sample of variability selected candidates with the ESO NTT telescope. We 
analysed the new spectra, together with those existing in the literature and studied the distribution of the objects in U - B and B - V 
colours, optical and X-ray luminosity, and variability amplitude. 

Results. A large fraction (17/27) of the observed candidates are broad- line luminous AGNs, confirming the efficiency of variability 
in detecting quasars. We detect : i) extended objects which would have escaped the colour selection and ii) objects of very low X-ray 
to optical ratio, in a few cases without any X-ray detection at all. Several objects resulted to be narrow-emission line galaxies where 
variability indicates nuclear activity, while no emission lines were detected in others. Some of these galaxies have variability and 
X-ray to optical ratio close to active galactic nuclei, while others have much lower variability and X-ray to optical ratio. This result 
can be explained by the dilution of the nuclear light due to the host galaxy. 

Conclusions. Our results demonstrate the effectiveness of supernova search programmes to detect large samples of low-luminosity 
AGNs. A sizable fraction of the AGN in our variability sample had escaped X-ray detection (5/47) and/or colour selection (9/48). 
Spectroscopic follow-up to fainter flux limits is strongly encouraged. 

Key words. Surveys - Galaxies: active - Quasars: general - X-rays: galaxies 
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1. Introduction 

Large samples are required to perform statistical studies of the 
population of active galactic nuclei (AGNs) and its evolution. 
The general principle for discovering AGNs is to use the char- 
acteristics that differentiate them from stars or galaxies. The 
spectral energy distributions (SEDs) of AGNs are remarkable 
for their broad extent in frequency, which is much wider than 
for normal galaxies. The UV/optical emission-line spectra stand 
out for the strong emission lines and for the high level of ioni- 
sation. Another distinguishing factor is the compact, point-like 
structure of the nucleus. Historically, AGNs were first discov- 
ered as the optical counterpart of radio sources. Radio-loud 
sources, however, make up only 10% of the known AGN pop- 
ulation dWhite et al.ll2000h . Currently, the discovery of AGNs by 
hard (>2 keV) X-ray observations is the most straightforward 
method, since stars and galaxies have weak emission at these 
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wavelengths and hard X-rays are less affected by dust obscura- 
tion. Since the selection effects vary in the different wavelength 
bands, the properties of the selected objects may also be different 
and this can lead to discrepancies in the cosmological evolution 
of the population as derived from different samples. This is true, 
in particular, for the low-luminosity part of the luminosity func- 
tion (LF) of AGNs. Most optical samples are constructed by se- 
lecting candidates on the basis of their non stellar colour. Since 
variability is a property shared by most AGNs, a complemen- 
tary method for selecting AGN candidates consists in detecting 
all variable objects in the field (notice that, in deep surveys, vari- 
able stars represent a small fraction). Variability is an optical, yet 
colour-independent selection technique that has been success- 
fully used in the past (e. g .lHaw]rinslll983l:lTrevese et all 1 1 98 
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Veron & Hawkins 1995 
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[Trevese et alj 1 1994c iBershadv et al.1 
Sesar et al. 20Q3) to select AGN can- 



didates and possibly check the completeness of colour-selected 
samples. This comparison makes sense only for QSOs or bright 
AGNs, where the nuclear light dominates the SED, while it 
is known that the colour selection technique is only effective 
above an absolute nuclear magnitude, in the R band, Mr ~ 
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-21.5, since nuclei of lower luminosity are swamped by the 
light of the host galaxy. This is why the LF of low luminos- 
ity AGNs (LLAGNS), and its evolution in cosmic t ime are still 
poorly known. For this reason Bershad y et alJ dl998l) applied for 
the first time a detection criterion based on variability to ob- 
jects with extended images, creating a sample of candidates in 
the S elected Area 57, wh ich was subsequently studied in X- 
ravs dTrevese et ail 2007b and follow-up optical spectroscopy 
dTrevese et al.l20 08b). Variability-selected samples were created 
on the basi s of high spatial resolution H ubble Space Telescope 
Images by Saraied ini et al] d2003l 120061) . to minimise the dilu- 
tion effect of the (constant) galaxy light. These studies discov- 
ered a number of AGN candidates not detected in X-rays. 

We pres e nted a nother variability selected sample in 
iTrevese et al] d2008al) (hereinafter paper I), created on the ba- 
sis of a new analysis of the data of the STRESS survey 
( Cap pellaro et al .l2005HBotticella et al.l20 08). which is a project 
devoted to the discovery of all supernova (SN) types. We se- 
lected the AXAF field of the STRESS project (after the name of 
the X-ray satellite, subsequently named Chandra), which is cen- 
tred at a=03:32:23.7, £=-27:55:52 (J2000). We decided to keep 
the name AXAF adopted by the STRESS team, since the field, 
which is 33 x 2>Aarcmin 2 wide, does not simply correspond to the 
Chandra Deep Field South (CDFS), but includes it and is about 
3 times larger (see Fig. 1 of paper I). The choice of the field was 
motivated by the fact that CDFS is one of the best studied areas 
in the sky and there is a wealth of information across the electro- 
magnetic spectrum, from X-rays to radio. This include s, imaging 
in 17 bands performed by the COMBO- 17 survey dWolf et al] 
120031) . from which low-resolution SEDs have been obtained for 
the classification of the sources in stars, galaxies and QSOs . 
There is the ESO Imaging Survey (EIS. lArnouts et al] 1200 ll) . 
which provides photometry in 5 bands and size information 
for the sources. Two X-ray surveys have bee n conducted in 
this a r ea, the Chandra Deep Field South (CDFS. lGiacconi et al] 
20021 lAlexander et al.1 12003) with e xposure times o f lMs (re- 
cently re-observed for another Ms dLuo et al] 12 008)). and the 
Extended-CDFS survey (ECDFS. lLehmer et alj2005l) , of 250ks. 
This area has been targeted by several spectroscopic campaigns 
dSzokolv et al] 12004 iLe Fevre et al.l|2004t iGrazian et al] 12 006; 
iRavikumar et alj2007l:lPopesso et al.ll2008tfTreister et al]|2 008). 
Recently, a catalo gue of radio sou r ces in the same area has 
been published by iKellermann et al] d2008l). A var i ability study 
has also been performed bv lKlesman & Saraiedinil d2007l) in the 
GOODS South field which is contained in the AXAF field anal- 
ysed in the present study. A comparison of our and their results 
has been presented in paper I. This makes this area ideal to study 
completeness, selection effects and biases of the different meth- 
ods to identify AGNs. 

Despite the several surveys which were conducted in this 
area, when we started this analysis, only 25% of our variable 
sources (30/132) had spectroscopic verification from previous 
studies. For this reason we have performed spectroscopic follow- 
up for the bright part of our sample, in order to confirm the AGN 
nature of our candidates and obtain redshifts. After this study, 
80% (36/45) of our candidate sample to a magnitude limit of 
~21.3 in the V band has a spectroscopic redshift. From our total 
sample, that reaches magnitude V=24, only ~55% (72/132) has 
optical spectroscopy. Out of these 72 objects, 12 can be consid- 
ered as low-luminosity sources (Lr < I0 4i ergs~ l ). We believe 
that this number can increase significantly and therefore we will 
pursue the completion of the spectroscopic follow-up for the en- 
tire variability selected sample. Here we present the results ob- 
tained for a subsample of sources drawn mainly from the bright 



part of our original variability selected candidate list. For these 
sources, we have available spectroscopic information either by 
our campaign or from the literature that allow us to explore their 
properties. 

The paper is structured as follows. Section 2 describes the 
object selection, the spectroscopic observations and data reduc- 
tion procedure, and the derived spectra. In section 3 we present 
the properties of all the variable candidates with optical spectra 
in our sample. In Section 4 we summarise our results. Comments 
on individual objects are presented in the Appendix. 

Throughout the paper we adopt the concordance cosmology: 
H c =75 km s- 1 Mpc" 1 , Q m =0.3, Q A =0.7. 



2. Optical spectroscopy 

2.1. Selection of candidates and observations 

The AXAF field was observed 8 times in about 2 years with the 
wide field imager at the ESO/MPI 2.2m telescope. In paper I, 
light curves were derived for each object in the field. Variability 
amplitude was measured by computing the r.m.s. variations cr 
and variable objects were selected according to the condition: 



o~ = > 3 



(1) 



where s(V) and £o-( V) are the ensemble average and standard 
deviation of cr, as a function of the magnitude V. Details about 
the selection criteria, the complete catalogue of the variability 
selected candidates in the AXAF field, and a comparison of our 
sample with the already existing ones in the same field have 
been presented in ITrevese et al] d2008al) . In the present follow- 
up campaign we simply started from the catalogue of variable 
objects selected in paper I, we excluded all those objects whose 
redshift was already known from the literature, then we sorted 
the remaining objects according to increasing V magnitude and 
prepared a list to observe as many as possible, starting with the 
brightest ones. 

The observing run on La Silla took place from the 1st to the 
5th of November 2007. We used EMMI/NTT in the red imag- 
ing an d low dispersion spectroscopy (RILD) mode dDekker et al] 
1986) to perform low resolution long-slit spectroscopy. We used 
grism 2 which has a dispersion of 1.74A/pixel and covers the 
wavelength range between 380 and 920nm and a 1.0" slit with 
8' length. We did not use an order-sorting filter and there might 
be second order contamination beyond 800nm. The CCD detec- 
tor is a 2-chip mosaic. The pixel scale is 0.166"/pixel in the lxl 
binning mode. The field size is 9.9'x9.1' and the gap between 
the 2 chips is 47pixels wide, which corresponds to 7.82". 

Using a 2x2 binning and the 1.0" slit, we obtained a resolu- 
tion ^-=570 which allows us to resolve emission lines broader 
than ~500km/s. This is enough to detect narrow emission lines 
in AGN. Since our targets are faint, in order to observe as many 
candidates as possible, in each pointing we placed two sources 
onto the slit. Therefore the slit was not positioned at the par- 
allactic angle. However, at the time of exposure, most of our 
candidates had an airmass in the range of 1.0-1.1 and only the 
pairs towards the end of the night would exceed an airmass of 
1.2. Thus, the effect of the light losses is negligible. Since our 
main interest is to measure redshifts and possibly determine ra- 
tios between neighbouring lines, we accept this limitation. The 
exposure times ranged from 900s for sources with magnitude 
V<20.3 to 1800s for sources with 20.3<V<21.3. At the begin- 
ning of the night we acquired arc spectra for wavelength cali- 
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bration and during the night we observed standard stars for flux 
calibration. 

The data reduction was carried out with standard IRAF 
procedures. Our exposures were long, therefore we used the 
L.A. Cosmic softw are (Laplacian Cosmic Ray Identification, 
van Dokkumll200l to detect and remove cosmic rays from the 
images. The sky subtraction was done by manually selecting the 
sky region. After calibrating the wavelength scale, we performed 
a flux calibration using the spectra of standard stars. We obtained 
spectra for 27 sources. The redshift measurement is accurate to 
0.01 (Az < 0.01). The flux calibrated spectra are shown in Figs. 
HBandU] 

The detailed list of the sources observed during this run 
is presented in Table Q] where the following information can 
be found: Column 1: object identification No. (from paper I); 
Columns 2 and 3: right ascension a and declination 5 (J2000); 
Column 4: V magnitude (from paper I); Column 5: the maxi- 
mum magnitude change V m ,„ - V max ; Column 6: exposure time; 
Column 7: average airmass at the time of observation; Column 
8: the spectroscopic redshift we have measured; Column 9: the 
spectral classification of the source. 

The morphology of the images as obtained with the 
ESO/MPI 2.2m telescope, in the V band, are shown in Fig.fTTI 

2.2. Spectra and classification 

There are two main categories of objects. The ones with broad 
emission lines were classified as broad-line AGNs (BLAGNs). 
We also detected 7 sources that have low redshifts and only nar- 
row emission lines, including Ha. We classify these sources as 
Narrow Emission Line Galaxies (NELG). In these objects, al- 
though we always detect the Ha emission line, we do not always 
have the H/3 and [OIII]/i5007A. This means that we can only de- 
rive upper limits for the line ratios and thus diagnostic diagrams 
cannot help us to robustly distinguish the nature of these objects. 

2.2.1. Objects with z > 2 

There are 5 sources with broad emission lines and the redshift 
determination is based mainly on the detection of Lya/11216A, 
CIVA1549A and CIII]/11909A. For all these objects we have se- 
cure redshifts. They are classified as broad-line AGN (BLAGN) 
and the ones included in the ECDFS field have also detected 
emission in the X-ray band. The spectra are displayed in Fig. 1 . 

2.2.2. Objects with 1 .5 < z < 2.0 

For these sources, the redshift determination is based on the de- 
tection of CIV/11549 A, CIII]/U909A and MgIL12798A emission 
lines (see Fig. [2}. They all show X-ray emission, except for the 
source ID 3 1 , which lies outside the fields covered by the X-ray 
surveys. They are all classified as BLAGN. 

2.2.3. Objects with 1 .0 < z < 1 .5 

For these four sources the redshift is based on the detection 
of CIII]il909A and MgIU2798A (see Fig. 3). In some cases 
the [OII]/i3727A line is within our spectral range, but since 
it is at the very edge, it is not always prominently detected. 
Nevertheless, with 2 broad lines in the spectral range, we con- 
sider our redshift determination secure and we classify these ob- 
jects as BLAGN. Most of these objects have been classified as 
galaxies by their SED in COMBO- 17 and they are good exam- 
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Fig. 1. Spectra of BLAGN that have the hya line within the wavelength 
range (z > 2). 



pies of the kind of sources that the variability selection can bring 
to light. In particular the source ID 26 is of great interest, since it 
has not been detected in the X-rays, even though it is within the 
area of ECDFS and it was classified as galaxy by COMBO-17. 
Based on ECDFS intesity maps the upper limit for the flux in the 
hard band is /x(2-8fceV) < 1.77 10~ 15 ergcmT 1 sec~ l (for more 
details see the Appendix). 

2.2.4. Objects with 0.6 < z < 1 .0 

These four sources display only one broad emission line. We 
interpret this to be MgII/l2798A. Other emission lines are 
also detected in this spectral range, like [OIIJ/13727A, H/3 and 
[OIII]/15007A (see Fig. 4). They are all classified as BLAGN 
mainly because of the presence of MgiL12798A. Three of these 
sources (ID 22, ID 37, ID 43) show X-ray emission, while the 
other one (ID 29) is outside the area covered by Chandra (for 
more details see the Appendix). 

2.2.5. Objects with narrow emission lines (NELG) 

These candidates exhibit narrow emission lines, like the 
Ho^6563A, [NII]^6584A doublet and the [SII]^A6717,6731AA 
doublet, with no detectable broad component. Most of the times 
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Table 1. Catalogue of variable sources observed during our spectroscopic follow-up. 



ID 


RA 


DEC 


V 


V ■ - V 

y mm ' max 


exp.time 


airmass 


z 


S-class 


3 


03:33:20.61 


-27:49:10.1 


18.47 


0.11 


900 


1.01 


0.13 


Gal 


8 


03:32:46.76 


-28:08:46.7 


19.21 


0.17 


1800 


1.04 


3.16 


BLAGN 


9 


03:33:38.86 


-27:40:16.4 


19.24 


0.11 


1800 


1.11 


- 


Star 


11 


03:33:16.51 


-27:50:39.5 


19.39 


0.15 


900 


1.01 


0.09 


NELG 


12 


03:32:45.95 


-27:57:45.3 


19.60 


0.15 


900 


1.27 


0.10 


NELG 


14 


03:32:32.00 


-28:03:09.9 


19.86 


0.30 


900 


1.17 


1.95 


BLAGN 


15 


03:31:54.65 


-28:10:35.7 


19.88 


0.11 


900 


1.10 


0.21 


NELG 


18 


03:33:31.37 


-27:56:34.2 


20.01 


0.23 


900 


1.04 


2.60 


BLAGN 


20 


03:32:11.84 


-28:09:11.0 


20.03 


0.13 


900 


1.10 


0.24 


NELG 


22 


03:33:28.93 


-27:56:41.1 


20.05 


0.41 


900 


1.04 


0.84 


BLAGN 


24 


03:33:09.71 


-27:56:14.0 


20.21 


0.27 


900 


1.27 


2.56 


BLAGN 


25 


03:31:16.69 


-27:43:29.6 


20.28 


0.16 


1800 


1.09 


0.10 


NELG 


26 


03:32:34.57 


-28:03:14.0 


20.29 


0.29 


900 


1.17 


1.33 


BLAGN 


28 


03:33:21.09 


-27:39:11.8 


20.48 


0.23 


1800 


1.11 


1.22 


BLAGN 


29 


03:32:37.29 


-28:08:47.0 


20.50 


0.37 


1800 


1.04 


0.77 


BLAGN 


30 


03:33:12.63 


-27:55:51.6 


20.50 


0.16 


1800 


1.18 


2.57 


BLAGN 


31 


03:31:11.38 


-27:41:31.9 


20.62 


0.27 


1800 


1.09 


1.96 


BLAGN 


32 


03:33:22.79 


-27:55:23.8 


20.66 


0.44 


2700 


1.25 


1.61 


BLAGN 


33 


03:32:53.90 


-27:53:54.1 


20.74 


0.12 


1800 


1.18 


0.15 


NELG 


34 


03:33:26.24 


-27:58:29.7 


20.79 


0.27 


2700 


1.25 


2.16 


BLAGN 


35 


03:32:20.30 


-28:02:14.8 


20.84 


0.18 


1800 


1.09 


1.62 


BLAGN 


36 


03:32:31.78 


-28:07:10.4 


20.84 


0.16 


1800 


1.33 


0.15 


NELG 


37 


03:33:29.22 


-27:59:26.7 


21.03 


0.22 


1800 


1.21 


0.76 


BLAGN 


39 


03:32:44.18 


-28:10:28.5 


21.07 


0.49 


1800 


1.33 


1.15 


BLAGN 


41 


03:31:58.13 


-28:02:41.5 


21.14 


0.17 


1800 


1.09 




Star 


43 


03:33:20.01 


-27:59:12.4 


21.22 


0.46 


1800 


1.21 


0.68 


BLAGN 


44 


03:31:15.04 


-27:55:18.6 


21.25 


0.14 


1800 


1.42 


1.37 


BLAGN 



ID 14 z=1.95 



iUl I 



ID 31 z=1.9E 



i i o 



ID 32 z=1.62 



ID 35 z=1.62 






ID 26 z=1.33 - 

- 


Ik f 




-O = 


ID 39 z=1.15 - 


~ o = 


ID 44 z=1.37 : 

— 



Fig. 2. Spectra of BLAGN in the 1.5 < z < 2.0 redshift range. 



Fig. 3. Spectra of BLAGN in the 1.0 < z < 1.5 redshift range. 



the forbidden [OII]/i3727A line is present within the spectral 
range (see Fig. 5). The redshift determination is secure, but since 
Hj6 and the [OIII]/l/l4959,5007AA doublet are not always visi- 
ble we can not distinguish between star-forming galaxies or faint 
AGN and unambiguously determine their nature. However, the 
fact that, when detected, the [OII]/l3727A line is very prominent, 



while the other lines are marginally visible, would tend to sug- 
gest that they are star-forming galaxies. This is also supported by 
the fact that they don't exhibit the power-law continuum, typical 
of AGN. In this case another issue emerges, because starburst 
galaxies are not supposed to be significantly variable, yet almost 
all these candidates have <x*>3.5. The origin of their variabil- 
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Fig. 4. Spectra of BLAGN in the 0.6 < z < 1.0 redshift range. 



ity is an interesting problem and such objects are worth further 
investigation. Since no secure classification is possible, we gen- 
erally define these objects as Narrow Emission Line Galaxies 
(NELG). For the objects of this class that are within the fields 
covered by the X-ray surveys, no X-ray emission is detected and 
we calculate upper limits based on the ECDFS intensity maps. 

In an effort to better constrain the nature of these sources we 
calculate the line ratios and we plot them on the diagnostic dia- 
gram that can be see n in Fig. 6. The clas sification of the sources 
follows the work of iKewlev et alj d2006l) . from where we have 
taken the equations that distinguish the different areas. As it is 
seen from the spectra in Fig. 5, we don't always have all lines 
necessary, but nevertheless we calculate the ratios, considering 
the flux value of the continuum as a lower limit of the emis- 
sion line flux. We see that two sources (ID 1 1, ID 12) are in the 
"composite objects" area and this is a strong indication for the 
presence of a faint AGN. Apart from the object ID 15, the rest of 
the sources have only lower limits for their ratio and we cannot 
robustly claim the presence or absence of an active nucleus. 

2.2.6. Other 

Three objects do not show emission lines and the redshifts 
have been determined based on the absorption features. The 
two stars (ID 9, ID 41) h ave been classified as such also by 
iGroenewegen et all d2002f) and appear in the 5-passband stellar 
catalogue. The source ID 3 turned out to be an absorption line 
galaxy, although normal galaxies are not expected to be variable. 



3. Properties of sources with optical spectra 

The new spectra presented in this work, together with the 
spectroscopic information available from the literature, allow 
us to characterise variability-selected s ources. The r e dshifts 
from the literature come mainly from ISzokolv et al.l ([2004) 
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Fig. 5. Spectra of the sources classified as Narrow Emission Line 
Galaxies (NELG). 



and also from iTreister et alj (2008); Ravikumar et al. (2007); 
iGrazian et al] d2006l) ; lLe Fevre et alj d2004 . All relevant infor- 
mation is assembled in Table 12 where we report: Column 1: ob- 
ject identification No. (from paper I); Columns 2 and 3: right 
ascension a and declination S (J2000); Column 4: V magni- 
tude (from paper I); Column 5: standard deviation <r of the light 
curve, taken from paper I; Column 6: normalised standard devia- 
tion cr* (Eq.(l)); Column 7: EIS name; Column 8 and 9: V and R 
magnitudes, respectively, from the EIS catalogue (AB system); 
Column 10 and 11: U - B and B — V colours, respectively, from 
the EIS catalogue (AB system); Column 12: stellarity index in 
the V band from the EIS catalogue; Column 13: COMBO-17 
name; Column 14: COMBO-17 class; Column 15: spectroscopic 
redshift; Column 16: sp ectroscopic classifica tion; Column 17: 
X-ray identification from lLehmer et al] (120051) except otherwise 
noted; Column 18: X-ray flux (2-8keV) in erg cm ~ 2 s~'; Column 
19: logarithm of the X-ray luminosity in erg s~' ; Column 20: log- 
arithm of R band luminosity in erg s _1 ; Column 21: logarithm 
of the hard (2-8keV) X-ray flux to optical (R band) flux ratio; 
Column 22: notes. 

For the purpose of this study it is convenient to separate ob- 
jects in three groups, according to their spectral features, and 
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Fig. 7. Spectra of the normal galaxy (upper panel) and the two stars 
(middle and lower panel) that were observed during our follow-up cam- 
paign. 



establish the symbols that will be adopted in all of the follow- 
ing figures. We consider: i) broad-line AGNs (BLAGNs), the 
sources with at least one broad emission feature in the observed 
spectral range and they will be represented by filled circles; 
ii) narrow emission line galaxies, the sources with low excita- 
tion emission lines and without apparent broad features in the 
observed spectral range. They may include starburst galaxies 
and LINERs and will be represented by diamonds; iii) galax- 
ies, the objects where only absorption features are detected and 



are represented by squares (the above symbols, in the elec- 
tronic version, have different colours: black, red and blue, re- 
spectively). Crosses indicate that the object possesses an X-ray 
flux measurement in the ECDFS dLehmer et a l.ll2005) or CDFS 
dGiacconi et al. 2002) catalogues. We have a total of 72 candi- 
dates with spectroscopic redshift and 27 of these come from our 
spectroscopic follow-up. We have detected 17 broad-line AGNs 
(BLAGNs) and 7 Narrow Emission Line Galaxies (NELG). At 
least 2 of the NELG (ID 11, ID 12), according to the diagnos- 
tic diagram (see Fig. 6), could be low-luminosity AGN. If we 
consider as genuine AGN only the ones that exhibit broad lines, 
we have a lower limit of 71% (51/72) as far as reliability is con- 
cerned. In Table|2]we present only the extragalactic sources, thus 
omitting the 2 stars detected in this follow-up. We also omit the 
2 SNe reported in paper I, detected in the AXAF field by the 
STRESS survey. 

In Fig. [8] we present the (U-B)ab vs. (B-V^b diagram for 
the candidates with spectroscopic redshift and colour from the 
EIS catalogue, where the stars in the field (small star symbols) 
are shown to identify the sequence of stellar colours, usually 
adopted to identify the "non-stellar" pointlike objects as QSO 
candidates. The small dots represent non variable objects, most 
of which are galaxies lying outside the stellar locus. This is the 
reason why the colour selection technique is restricted to point- 
like objects. The majority of variable candidates, included in the 
field of the X-ray surveys, are X-ray emitting objects (46/61), 
and most of them are broad-line AGN (42/46). This is expected 
in the framework of the standard unification theory, since in type 
2 objects the variable nuclear radiation is obscured by the ab- 
sorbing torus. Notice, however, that in some cases objects se- 
lected through variability show only narrow lines consistent with 
type 2 A GNs (e.g. the objects N SER 4326 and NSER 16338 dis- 
cussed in lTrevese et alJd2008bl) ). possibly connected with a vari- 
ability of the spectrum, observed in a particular phase when the 
broad-line component is absent or reduced. 

Type 1 objects (filled circles) have the characteristic distribu- 
tion of QSOs. Most of them show the typical UV excess, except 
for the ones with higher redshift that are "redder" in (U - B) 
and lie on the left of the stellar locus (eg. ID 30, ID 115, ID 
40 ID 120 with z = 2.57, 2.726, 2.81, 2.796 respectively). Most 
of these objects would have been selected on the basis of their 
colour, since most of them : i) are pointlike; ii) have non-stellar 
colours. However, 5 broad-line objects (ID 26, ID 74, ID 87, ID 
94, ID 125) are not detected in hard X-rays (2-8keV), despite 
the depth of the Chandra survey. These objects have upper limits 
between 1.3-1.8xl0~ 15 erg cirT 2 s and represent 11% of the 
variable BLAGN in the area with X-ray information. This is of 
particular interest because, in this case, obscuration cannot be 
evoked to explain the lack of X-ray emission. 

The variable candidates which turned out to be narrow line 
objects, can be divided in two groups: with (U - B)ab < 0.5 
(3 sources) or (U - B)ab > 0.8 (6 sources). Among the for- 
mer three, one (ID 78) has all the characteristics of a normal 
QSO (colour, variability, X-ray emission, and point-like im- 
age), but its spectru m has been classified as "narrow line" by 
Szok olv et alj (120041) (see, however, the discussion below). The 
other two objects (ID 121, ID 130) are not detected in X-rays, in 
both soft and hard bands, and have extended images. Among the 
6 objects classified as NELGs and having (U - B)ab > 0.8, three 
(ID 4, ID 5, ID 11) are detected in X- rays. They are ment ioned 
also as extra-nuclear X-ray sources bv lLehmer et alj (|2006), that 
consider as such, the X-ray sources observed within the opti- 
cal extent of the bright galaxy but with an offset from the opti- 
cal nucleus. For this reason we explore the possibility that the 
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Fig. 8. Colour-colour diagram for the candidates with spectroscopic 
redshift. Large black dots: BLAGN; red diamonds:NELG; blue squares: 
galaxies. The crosses correspond to sources with X-ray detection. Small 
star symbols indicate the stellar locus and small dots are non-variable 
objects. 

extra-nuclear source can affect our variability measurement. In 
the case of our candidates the distances from the centre of the 
optical image are 4.7 + 0.9, 0.9 + 0.6 and 3.2 + 1.4 arcsec, respec- 
tively, while the aperture used to measure their optical variabil- 
ity is 0.9 arcsec. For objects ID 4 and ID 1 1 we can confidently 
assume that variability is not associated with the extra-nuclear 
source, which, on the other hand, is not expected to produce ap- 
preciable optical variability. Thus, in these two cases an active 
nuclear component and the extra-nuclear X-ray source seem to 
cohabit the same host galaxy. The case of ID 5 is more com- 
plicated since: i) the extra-nuclear source is closer to the op- 
tical nucleus; ii) variability was not detected in a series of 5 
ACS Hubble Sp ace Telescope images, obtain ed during 6 months, 
and analysed by Klesman & Saraiedini (2007), despite the much 
smaller aperture (0.075 arcsec) adopted, which reduces the di- 
lution caused by the host galaxy. However, as discussed in pa- 
per I, the presence of variabi lity in our data and its absence in 
iKlesman & Saraiedinil ([2007) analysis can be simply due to the 
different epoch STRESS and HST observations, and, more im- 
portant, to the fact that our data refer to a 2 yr time span, com- 
pared to 0.5 yr of ACS images. The other 3 narrow-line objects 
with (U - B)ab > 0.8 have only upper limits in the hard X-rays 
band. Finally, of the 5 objects without detected emission lines, 3 
have (U — B)ab < 0.2, consistent with late spirals at low redshift 
and two have (U — B)ab > 1-3; one of them (ID 88) is detected 
in X-rays. 

Fig.|9]shows the distribution of the optical Lr luminosity ver- 
sus the X-ray luminosity Lx(2 - SkeV) for all the objects in the 
AXAF field which possess a spectroscopic redshift and are either 
variable or X-ray detected. Large symbols represent variable ob- 
jects, while small dots represent X-ray detected objects below 
the variability threshold. We will discuss separately the follow- 
ing three classes of objects: a) broad-line AGNs (BLAGNs); b) 
narrow emission line galaxies (NELGs); c) objects without emis- 
sion lines (Gal). The straight lines represent constant values of 



the X-ray (2-8keV) to optical (R band) flux ratio (X/O). The lu- 
minosities reported are calculated without k-correction. 

Most of the variable sources are broad-line AGNs, occupy- 
ing a typical region, i.e. the stripe -1 ^ log(X/0) $ 0.6 for 
log[Lx(2-8keV)] ^ 42.5. One exception is the source ID 26, that 
has been detected through variability, it is in the CDFS field but 
has not been detected in the X-rays and it has no radio emission. 
After the spectroscopic follow-up, its BLAGN nature was con- 
firmed. It has log(X/(9) S> -1.25 as upper limit, which is rather 
low for an AGN, but consistent with similar findi ngs in our pre- 
vious w ork in the field of the Selected Area 57 dTrevese et alj 
2008b). We notice that a fair number of our broad-line AGNs 
were classified as galaxies by the COMBO-17 survey (9/43) 
(considering as galaxies all objects classified G or G/U in Table 

Among the objects classified as NELGs, we notice that the 
3 objects with (U - B)ab < 0.5 in Fig. [8] are the same objects 
that occupy the "AGN stripe" in Fig. [9] two of them (ID 121, 
ID 130) only as upper limit on Lx(2 - %keV). These two ob- 
jects have a diffuse appearance (S eis =0.07 and 0.10 respec- 
tively), the third one (ID 78) has a measured X-ray flux, it is 
pointlike (Sei s =0-9 5) and has been classified as narrow-line by 
Szok olv et al.l d2004l) . but an inspection of the spectrum shows 
that it is consistent with the presence of a broad MgII(/l2798), 
at the edge of the blue border in the observed spectral range. 
Thus, this object could correspond to a relatively faint, other- 
wise normal, BLAGN whose broad line component has not been 
recognised. All of the 6 NELGs with (U - B) AB > 0.8 are also 
segregated, in the log Lr - log Lx plane, but in a region of low Lx 
and low X/O. We stress that, in the case of the sources that have 
been described also as extra-nuclear, the measures of the X-ray 
luminosity, or the relevant upper limits, refer to the nucleus, and 
not to the extra-nuclear source. 

Concerning the objects without emission lines, 4 of them 
are consistent with the AGN stripe, while the fifth (ID 3) has 
a very low \og(X/0) ~ -3. Among the former 4, one (ID 88) 
has a measured X-ray flux corresponding to Lx(2 - 2>keV) - 
1 .5 • 10 43 erg s _1 and can be classified as X- ray Bright Opticall y 
Normal Galaxy (XBO NG) described by iFiore et al l djOOO); 
IComastri et al.l (12002a b). We notice that it has a compact im- 
age {Seis = 0.81), its (B - V) AB colour ((B - V) AB = 0.64) is 
consistent with an early type galaxy, while its (U - B)ab = 0.11 
suggests the presence of an UV emitting nucleus. Its variability 
also indicates the presence of an AGN. A possible explanation is 
that we are dealing with a normal AGN, not recognised as such 
because it lies in a redshift interval such that both Mgll and Ha 
lines fall outside the spectral range covered by the observations 
of lLe Fevre etai] (|2004|) (i.e. A « (5500-9000 ) A), as suggested 
in similar cases also by iHornschemeier et al.l d2005l) . As an ex- 
ample, consider our spectrum of ID 22 in Fig. [4] whose AGN 
nature would not have been recognised if the spectrum were cut 
at e.g. A = 5500A. 

Finally, in Fig.[l0]we plot the variability measurement <x vs. 
the logLx(2 - SkeV) for all objects with redshift. Objects be- 
low the threshold cr* - 3, indicated as small dots in Fig. [9] 
have generally a lower variability <x, as expected. Notice that 
some small dots have non-negligible <x values, but consistent 
with photometric noise in the V band at 3£o- (see Eq.(l)). It ap- 
pears from this figure that variability decreases sharply below 
L x (2-MeV) ~ 10 4LS erg s" 1 . The 6 NELGs with (U-B) AB > 0.8 
and one galaxy without emission lines (ID 33), which show low 
X/O and low Lx in Fig. [9] are segregated in the cr - logLx 
plane, to the bottom left of the diagram. The other 3 NELGs 
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and four galaxies, with higher X/O, have a cr comparable with 
that of normal AGNs. Both groups of objects, with stronger or 
weaker AGN characters respectively, appear segregated consis- 
tently both in Lr - Lx and cr - Lx planes, supporting the claim 
that their behaviour is due to real physical homogeneity. 

One possible explanation for the behaviour of the two groups 
can be the dilution of the nuclear light by the host galaxy emis- 
sion. In fact, if we ascribe entirely to the nuclear component both 
variability and X-ray emission, we can consider the effect of the 



host galaxy on the observed variability and the X/O ratio as fol- 
lows. Denoting with L — + L g the total luminosity, in some 
optical band, resulting from the nuclear luminosity L# and the 
luminosity L g of the host galaxy, we have cr = cr,-„,/(l + L g /Ls), 
where cr = AL^/L and cr,„, = AL^/L^ indicate the observed 
and the intrinsic relative flux variations respectively. Similarly 
the observed X-ray to Optical flux ratio (X/O) - Lx/(L^ + L g ) 
is diluted with respect to the intrinsic (X/0)i nt - Lx/L^, so that 
we can write: 



cr 

cr, 



ml 



(X/O) 



1 



V = 



1 + L g /L N 



(2) 



A detailed model is beyond the aim of the present study and 
would require to take into account not only the k-correction, the 
effect of the aperture magnitude and the apparent variability due 
to photometric noise, but also th e change of (X/0)j„ , and cr int 
with luminosity (see discussion in lTrevese et alj|2007 ). Here we 
simply note a qualitative agreement indicating that dilution by 
the host galaxy can account for the progressive decrease of the 
average X/O below Lx(2-%keV) m 10 4L5 ergs _1 and, at the same 
time, for the relatively sharp decrease in the observed variability 
at low X-ray luminosity. 

For instance, with log L g « 42, the dilution function 77 would 
fall from -0.9 to -0.09 when logL^ goes from 43.0 to 41.0, 
which would correspond to log Lx decreasing from 42.5 to 40.5, 
if we extrapolate to low X-ray luminosity the Lr vs Lx rela- 
tion seen in Fig.[9]for broad-line AGNs. This would account for 
the sharp decrease in the upper envelope of variability in Fig. 
[10]from ~0.3 to-0.03. Of course, logLx - 42 is the region of 
"normal" and starburst galaxies, but dilution could bring low- 
luminosity AGNs in the same region. 



4. Conclusion 

The spectroscopic follow-up campaign of our sample of variabil- 
ity selected objects, with ESO NTT, was extremely successful 
since we obtained good quality spectra and most of the observed 
objects turned out to be interesting. The majority of the objects 
were clearly classified as BLAGNs, confirming the efficiency 
of variability surveys in detecting QSOs. Some of the BLAGNs 
among our variable candidates (5/47) were missed by the X-ray 
surveys in the Chandra field, despite its depth. Some BLAGNs 
in our sample (9/48) have extended images (Seis <0.85) and 
would have been missed by the standard colour selection tech- 
nique, which is restricted to point-like sources. This was in fact 
the origi nal motivation o f the se arch for "variable galaxies" pro- 
posed bv lBershadv etal.1 d 19981), in the field of SA 57. 

Subsequent work by ISaraiedini et al.l (120031 |2006) and 
iKlesman & Sarajedini (2007), thanks to the high spatial reso- 
lution of HST images, allowed these authors to detect, through 
variability, active nuclei of very low luminosities, down to Mb - 
-15, comparable to those detectable in Seyfert galaxies closer 
to us. Some of these LLAGNs were eve n undetected in X- 
rays. The XMM survey of the S A 57 field dTrevese et ai]|2007l) 
and the follow-up spectroscopy dTrevese et a l. 2008b) of a sam- 
ple of variability- or X-ray-selected AGN candidates, which is 
still in progress (Zitelli et al. in preparation), suggested a com- 
plex scenario: while most high-luminosity (Lx(2 - 10£eV) ^ 



10 43 erg s~'), variability-selected AGNs are BLAGNs, below 
Lx(2 - lQkeV) « 10 42 erg s _1 there is a spread in the Lr - Lx 
plane. Although this spread is partly due to a difference in the 
dilution caused by the host galaxy, the above evidence raises at 
least two questions: i) what is the fraction of low X/O objects and 



its importance in understanding the global cosmological evolu- 
tion of LLAGNs; ii) what is the physical origin of the low X-ray 
luminosity a s compared with the emission in the optical band. 
According to Gibso net al.l (12008), the non-simultaneity of X-ray 
and optical observations may artificially increase the apparent 
scatter of the X/O and X/UV distribution, further complicating 
the comparison of the LF evolution as deduced from X-ray or 
optical observations. In any case, they conclude that the intrinsic 
spread of the X/O ratio is significantly lower than previous es- 
timates in the literature. This conclusion puts constraints on the 
physical relation between the UV emitting accretion disk and 
the X-ray emitting corona. While the analysis of simultaneous 
observations, e.g. with XMM-Newton Optical Monitor (OM) or 
the SWIFT Ultraviolet Optical Telescope (UVOT) is obviously 
the main way to measure "true" X/O an X/UV distributions, we 
stress that the discovery of X-ray undetected AGNs through op- 
tical variability and the study of their properties can provide pre- 
cious information about the nature of X-ray weak AGNs. 

Our previous results, on the sample of AGN candidates in the 
AXAF field (paper I) and in SA 57 dTrevese et alj|2008bl) . con- 
firm the existence of a population of NELGs, whose variability 
indicates the co-existence of starburst and nuclear activity. The 
present study, adding new follow-up spectroscopy of the AXAF 
sample, provides further support to this view. In fact, 26% of our 
variable candidates with extended image structure showed only 
narrow emission lines (NELG). For the 4 sources that we have 
been able to plot on the diagnostic diagram (see Fig. 6) we have 
clear evidence that at least 2 are intermediate kind of sources, 
where star formation co-exists with an active nucleus. For the 
other two sources, although in the diagnostic diagram they are 
in the area occupied by the star forming galaxies, the presence 
of variability is a strong indication for the presence of a faint ac- 
tive nucleus since sta r forming galaxies are not supposed to be 
variable. According to lMaoz et al.l d2005l) . luminosity changes of 
stars cannot give such variability amplitudes. The nature of these 
sources is very interesting and should be further investigated. 
The most plausible scenario is the presence of a low-luminosity 
AGN and this makes optical variability extremely useful to pick 
up such weak active nuclei. 

In th e framework of the Subar u/XMM-Newton Deep Survey 
(SXDS) iMorokumaetail d2008allbh created a sample of AGN 
candidates, in « 0.56deg 2 of sky, and split it in X-ray-detected 
optically non-variable AGNs (XAs, 238 objects/36 with red- 
shift), X-ray-detected optically variable AGNs (XVAs, 89 ob- 
jects/35 with redshift), and X-ray-undetected optically variable 
AGNs (VAs, 112 objects/9 with redshift). The VAs are split, 
in turn, into 2 classes according to their variability properties, 
and a possible explanation in terms of Eddington ratio is sug- 
gested. At the moment only ss 20% of the sample has been 
observed spectroscopically. Thus, despite the somewhat smaller 
area (0.25deg 2 ) and optical depth (V 24) of our survey, our 
analysis already provides an important complement to the SXDS 
since, covering the CDFS and ECDFS fields, allowed us: i) to 
make use of several optical spectra already obtained by other au- 
thors, which have been complemented by the present follow-up 
campaign; ii) to push the analysis to the deeper X-ray flux limits 
reached by the Chandra observations in this field. Counting only 
the sources included in the fields with X-ray data and optical 
spectroscopy, we have 1 3 X-ray detected optically non variable 
BLAGN, 42 X-ray detected optically variable BLAGN and 5 X- 
ray undetected optically variable AGNs. The fact that our X-ray 
undetected sources are fewer than in the SXDS can be explained 
by the fact that the X-ray surveys in our field are a lot deeper 



(1 Ms for the CDFS in comparison to lOOks for the deep SXDS 
exposure). 

An important result of this campaign was the identification 
of the source ID 26, which after our spectroscopic follow-up 
turned out to be a BLAGN but it showed no emission in the 1 
Ms hard X-ray band and it was classified as galaxy by COMBO- 
17. The same characteristics are attributed to the source ID 125. 
This means that 4% of our BLAGN were not detected by the tra- 
ditional AGN selection techniques. One difference between the 
two sources is that the ID 125 was detected in the soft X-ray 
band, while ID 26 was not detected in any X-ray band and we 
have calculated the X-ray upper limit using the ECDFS intensity 
maps. This means that ID 26 is an AGN practically invisible to 
the traditional selection techniques and its was discovered solely 
on the base of its variability. We expect to find more of these 
sources as we go to fainter and more diffuse sources. 

In Table 3 we give a detailed catalogue with the number of 
variable sources, X-ray detected and not, that we have identified. 
We also report, for each class of objects, the number of sources 
that lie in the field but, according to our study, do not show 
significant variability. These non variable sources are the ones 
represented by small dots in Fig. 9 and 10. They correspond to 
the sou rces with optical spectro scopy presented by Szokolv ~et al.l 
d2004l) and lTreister et al.l d2008l) . for which we have a variability 
measurement (for details see paper I). We include also the num- 
bers of type 2 AGNs from the literature, even though so far we 
have not identified such sources among our variable candidates. 
We note that 72% of the total number of BLAGNs are variable, 
according to our selection. 

Still, 45% of our variability selected objects remain with- 
out optical spectroscopy, in part because previous spectroscopic 
studies were concentrated in the CDFS, while our sample covers 
the larger ECDFS, and in part because of the faint flux limit of 
the sample which requires 8-m class telescopes to obtain reli- 
able optical spectra. This means that we still do not have enough 
data to study the luminosity function of our sample and put con- 
straints on its evolution. Since variability seems, in many cases, 
the sole mean to discover LLAGNs, we consider mandatory the 
completion of the follow-up spectroscopy for our sample which 
will provide a good statistical sample. Our result was made pos- 
sible by the potential synergy between supernova searches and 
AGN detection. The full set of STRESS data are available and 
the creation of a catalogue of variable objects, with the character- 
istics of the present one, can be easily produced. The ESSENCE 
supernova survey has also provided the largest deep sample of 
objects so far and its analysis is in progress (Boutsia et al., in 
preparation). Deep observations of those fields in the X-ray band 
would provide a unique contribution to the understanding of the 
complex, interesting LLAGN population and its evolution. 
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Table 2. Catalogue of extragalactic variable objects in the AXAF field with spectroscopic redshift. 



ID 


a(J2000) 


(5(12000) 


V 




<x* 


ElS-name 


Veis 




(B - V)eis S eis 


COMBO 


class" 


z Spclass" 


XID 


A(2-8keV) 


Lx 


L R 


log(X/C0 notes 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(V) 


(8) 


(9) (10) 


(11) (12) 


(13) 


(14) 


(15) (16) 


(17) 


(18) 


(19) 


(20) 


(21) (22) 



3 
4 
5 
6 
8 

10 
11 
12 
14 
15 
18 
19 
20 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
43 
44 
47 
48 
49 
50 
55 
56 
60 
61 
62 
70 
72 
74 
75 
76 
77 
78 
81 
83 
84 
87 
88 
91 
94 
96 



03:33:20.61 
03:32:35.09 
03:32:29.99 
03:32:27.01 
03:32:46.76 
03:32:08.66 
03:33:16.51 
03:32:45.95 
03:32:32.00 
03:31:54.65 
03:33:31.37 
03:32:26.50 
03:32:11.84 
03:33:28.93 
03:32:16.20 
03:33:09.71 
03:31:16.69 
03:32:34.57 
03:32:38.12 
03:33:21.09 
03:32:37.29 
03:33:12.63 
03:31:11.38 
03:33:22.79 
03:32:53.90 
03:33:26.24 
03:32:20.30 
03:32:31.78 
03:33:29.22 
03:32:39.09 
03:32:44.18 
03:32:09.44 
03:33:20.01 
03:31:15.04 
03:32:29.98 
03:31:35.43 
03:32:59.86 
03:33:10.63 
03:31:27.79 
03:33:32.75 
03:32:32.28 
03:31:36.25 
03:32:59.07 
03:32:30.19 
03:31:35.78 
03:31:56.86 
03:32:17.14 
03:32:00.37 
03:31:51.78 
03:31:50.95 
03:33:00.78 
03:31:49.54 
03:32:10.91 
03:33:22.85 
03:32:38.87 
03:33:16.08 
03:33:10.19 
03:32:43.24 
03:32:41.86 



-27:49:10.1 
-27:55:33.0 
-27:44:04.8 
-27:41:05.1 
-28:08:46.7 
-27:47:34.4 
-27:50:39.5 
-27:57:45.3 
-28:03:09.9 
-28:10:35.7 
-27:56:34.2 
-27:40:35.7 
-28:09:11.0 
-27:56:41.1 
-27:39:30.2 
-27:56:14.0 
-27:43:29.6 
-28:03:14.0 
-27:39:44.9 
-27:39:11.8 
-28:08:47.0 
-27:55:51.6 
-27:41:31.9 
-27:55:23.8 
-27:53:54.1 
-27:58:29.7 
-28:02:14.8 
-28:07:10.4 
-27:59:26.7 
-27:46:01.8 
-28:10:28.5 
-27:48:06.8 
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-27:55:18.6 
-27:45:29.9 
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-27:47:48.2 
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-27:49:07.8 
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-28:00:19.9 
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-28:01:48.7 
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-27:41:15.9 
-27:55:20.7 
-27:43:19.4 
-27:44:15.0 
-28:03:13.0 
-27:59:18.7 
-28:01:31.3 
-27:48:42.0 
-27:49:14.1 
-27:52:02.5 



18.47 
18.72 
18.75 
19.14 
19.21 
19.25 
19.39 
19.60 
19.86 
19.88 
20.01 
20.02 
20.03 
20.05 
20.18 
20.21 
20.28 
20.29 
20.48 
20.48 
20.50 
20.50 
20.62 
20.66 
20.74 
20.79 
20.84 
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21.05 
21.07 
21.10 
21.22 
21.25 
21.42 
21.43 
21.45 
21.52 
21.75 
21.76 
21.88 
21.92 
21.92 
22.05 
22.11 
22.27 
22.31 
22.33 
22.37 
22.44 
22.52 
22.71 
22.75 
22.85 
22.86 
22.92 
22.96 
22.97 
23.06 



0.032 
0.047 
0.028 
0.077 
0.055 
0.059 
0.044 
0.043 
0.100 
0.032 
0.089 
0.120 
0.040 
0.155 
0.102 
0.096 
0.048 
0.113 
0.058 
0.078 
0.135 
0.063 
0.102 
0.150 
0.039 
0.092 
0.053 
0.045 
0.075 
0.051 
0.193 
0.058 
0.167 
0.047 
0.169 
0.051 
0.205 
0.097 
0.157 
0.236 
0.168 
0.466 
0.062 
0.138 
0.161 
0.276 
0.091 
0.192 
0.109 
0.160 
0.529 
0.178 
0.323 
0.238 
0.146 
0.135 
0.208 
0.332 
0.143 



3.8 
5.2 
3.4 

13.0 
6.5 
9.2 
4.0 
3.7 

11.9 
5.0 

10.0 

17.7 
6.8 

19.4 

14.5 

11.0 
3.5 

13.6 
6.0 
7.3 

16.6 
6.1 
9.0 

18.6 
3.1 

10.3 
7.4 
3.6 
7.7 
4.6 

24.7 
6.7 

20.9 
3.3 

18.4 
3.1 

22.8 

10.6 

13.0 

18.9 

14.1 

36.3 
3.3 
9.7 
8.3 

18.5 
4.7 

12.0 
4.7 
8.6 

28.5 
7.6 

15.2 
8.6 
4.0 
3.4 
5.1 

13.0 
3.6 



J033320.61-274910.3 
J033235.09-275533.2 
J033230.00-274405.0 
J033227.02-274105.2 
J033246.76-280846.8 
J033208.68-274734.5 
J033316.51-275039.7 
J033245.97-275745.6 
J033232.02-280310.0 

J03333 1.39-275634.6 
J033226.51-274035.7 



1033328.95 
J033216.21 
1033309.72 
1033116.70- 
1033234.59 
1033238.14 
J033321.09 
1033237.32- 
1033312.63- 
J033111.39 
1033322.80- 
1033253.90- 
1033326.26 
1033220.34- 
1033231.81 
1033329.24- 
1033239.10 

1033209.46- 
1033320.02 
1033115.05- 
1033229.99 
1033135.44- 
1033259.85- 
1033310.64- 
J033127.80- 
1033332.77- 
1033232.30 
1033136.25- 
1033259.06 
1033230.21- 
1033135.79- 
1033156.88 
J033217.15- 
1033200.37 
J033151.80- 
1033150.97 
1033300.73 
1033149.55 
1033210.92 
1033322.87- 
1033238.88- 
1033316.10- 
1033310.19 
1033243.25- 
1033241.86- 



275641.4 
273930.5 
275614.3 
274329.5 
280314.1 
-273945.0 
273912.1 
280847.3 
275551.9 
274131.9 
275524.0 
275354.3 
-275830.0 
280214.8 
280710.6 
-275927.1 
274602.0 

274806.9 
275912.7 
275518.8 
274530.1 
-280315.8 
274748.4 
-275748.8 
280051.2 
274908.0 
280328.4 
280149.8 
274339.8 
280020.0 
275134.9 
280149.0 
274303.5 
274319.9 
-280025.9 
274116.1 
275520.6 
274319.6 
-274415.2 
280313.2 
275918.9 
280131.5 
-274842.3 
274914.4 
-275202.6 



16.68 
16.77 
17.50 
19.12 

19.08 
17.78 
17.26 
19.82 

20.07 
20.07 

20.12 
20.20 
20.11 
19.07 
20.20 
20.43 
20.39 

20.38 
20.62 
20.63 
19.13 
20.65 
20.76 

20.95 
21.01 

20.96 
21.26 
21.21 
21.52 
21.39 
21.66 
21.45 
21.76 
22.09 
21.82 
22.55 
21.48 
21.86 
21.95 
22.37 
22.16 
22.25 
22.38 
22.67 
22.25 
22.40 
22.90 
22.71 
22.58 
22.52 
23.22 
22.70 
23.14 



16.12 
16.21 
17.10 
19.12 

18.76 
17.27 
16.89 
19.72 

19.90 
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20.12 
19.82 
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20.41 
20.14 
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20.57 
20.58 
18.75 
20.57 
20.63 

20.71 
20.81 

20.50 
20.92 
20.77 
21.24 
20.95 
21.92 
21.14 
21.53 
21.64 
21.41 
22.27 
20.99 
21.93 
21.65 
21.94 
21.14 
22.13 
22.38 
22.21 
22.34 
21.88 
22.42 
22.32 
22.04 
22.21 
22.77 
22.65 
22.52 



1.49 
1.32 
1.05 
0.42 

0.71 
1.19 
1.16 
-0.20 

0.57 
0.36 

0.47 
0.38 
0.40 
0.91 
0.61 
0.05 
0.11 

0.96 
-0.66 
-0.10 

0.96 
-0.11 
-0.14 

0.03 
-0.18 

1.82 
0.54 

-0.55 
0.10 
0.40 
0.20 
0.21 

-0.24 
0.64 

-0.04 
0.40 
0.31 
0.56 
0.79 
0.36 
0.63 

-0.23 
0.30 
0.44 

-0.27 
0.23 
0.31 
0.55 
0.11 

-0.48 
0.55 
0.01 



0.95 


0.03 


32802 


G 


0.13 
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<1.42e-15 


<40.74 


43.66 


<-2.923 


C .P 


0.49 


0.03 


18675 


G 
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NELG 
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1.46e-15 


39.63 


42.50 
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d,m,n,p 
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0.03 
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G 
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3.05e-15 
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d,m,p 


0.01 


0.98 
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Q 


0.734 
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c 
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0.98 
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Q 
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44.03 
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d,p 


0.55 


0.07 


28467 


G 


0.09 


NELG 




<4.11e-15 


<40.86 


42.86 
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c,l,m,p 


0.41 


0.03 


14012 


G/U 


0.10 


NELG 
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<40.37 


43.11 
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0.03 


0.98 
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Q 
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0.98 
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45.24 
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c 


0.09 


0.97 
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0.24 
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c 
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0.98 
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Q 
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4.98e-14 


44.17 
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c 
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0.97 
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7.69e-15 
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44.55 
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0.98 


16621 
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4.70e-15 


44.33 
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0.03 
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G 
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42.35 
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0.98 
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1.33 
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<1.77e-15 


<43.21 


44.45 


<-1.245 


c,l 


0.41 


0.98 


50997 


Q 


0.837 


BLAGN 


417 


1.47e-14 


43.63 


43.82 


-0.193 


d 


0.00 


0.83 
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BLAGN 
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44.34 


-0.378 
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0.77 


BLAGN 
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0.05 


0.98 
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1.17e-14 


44.73 


45.16 


-0.425 
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0.34 
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1.96 
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0.41 


0.98 
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Q 
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BLAGN 
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4.25e-15 


43.80 


44.46 


-0.664 
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0.03 
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G 


0.15 
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<40.58 
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c,k 
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0.98 
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Q 


2.16 


BLAGN 
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4.54e-15 
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44.78 
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44.11 


44.45 


-0.332 
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c 


0.42 


0.92 
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Q/G 


0.76 


BLAGN 
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1.37e-14 


43.50 


43.60 


-0.104 


c 


0.28 


0.98 


37487 


Q 


1.216 


BLAGN 


423 


7.09e-15 


43.72 


44.07 


-0.351 


d 










1.15 


BLAGN 












c 


0.16 


0.98 


33069 


Q 


2.810 


BLAGN 


309 


2.22e-15 


44.10 


45.08 
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d 


0.00 


0.98 


10418 


G 


0.68 


BLAGN 


661 


6.46e-15 


43.05 


43.40 


-0.345 


c 


0.53 


0.91 


18408 


G 


1.37 


BLAGN 


7 


3.35e-14 


44.52 


44.21 
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c.P 


-0.11 


0.98 


38551 


Q 


1.218 


BLAGN 
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1.08e-14 


43.90 


43.90 
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d 


0.34 


0.90 


1647 


G/U 
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BLAGN 


94 


4.48e-15 


43.63 
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s 
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0.98 


33644 


Q 
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BLAGN 


526 


9.59e-15 


44.65 


44.42 
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d 
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0.96 


13332 


Q 
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BLAGN 
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6.41e-15 


43.97 


44.23 
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s 


0.02 


0.98 


6817 


Q 


1.950 


BLAGN 


54 


5.00e-15 


44.07 


44.28 


-0.213 


s 


■0.50 


0.98 


31085 


Q 


3.031 


BLAGN 


728 


6.63e-15 


44.66 


44.70 


-0.046 


s 


0.07 


0.92 


1257 


Q 


1.220 


BLAGN 
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1.88e-14 


44.14 


43.83 


0.314 


s 


-0.75 


0.97 


4809 


Q 


1.953 


BLAGN 
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5.71e-15 


44.13 


43.99 


0.141 


s 


0.47 


0.04 


42601 


Q/G 


0.733 


BLAGN 


516 


6.13e-15 


43.11 


43.45 


-0.340 


d 


0.22 


0.90 


7902 


Q 
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BLAGN 


393 


6.70e-15 


44.38 


44.30 


0.074 


s 


-0.33 


0.98 


25884 


Q 
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BLAGN 


96 


1.49e-14 


44.35 


44.04 


0.309 


s 


-0.16 


0.83 


4995 


Q 
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BLAGN 
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<1.34e-15 


<43.13 


43.75 


<-0.621 


s 


0.37 


0.85 


43863 


G 


0.569 


BLAGN 


348 


6.29e-15 


42.85 


43.12 
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d,p 


0.74 


0.98 


43151 


Q 


1.037 


BLAGN 
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6.09e-15 


43.48 


43.37 


0.113 


d 


0.20 


0.98 


7671 


Q 
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BLAGN 
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2.25e-15 


43.96 


44.18 


-0.220 


s 
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0.95 


47615 


Q 
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6.32e-15 
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41.87 


0.160 


d 


0.75 


0.37 


18324 


Q/G 
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BLAGN 
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1.42e-14 


44.55 


43.99 


0.565 


s 


0.53 


0.97 


43170 


G 
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BLAGN 
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7.31e-15 


43.82 


43.73 


0.092 


e 


0.14 


0.88 


41159 


Q 


1.600 


BLAGN 
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1.27e-14 


44.26 


43.72 


0.548 


d,p 


-0.11 


0.71 


1731 


Q 


2.920 


BLAGN 


679 


<1.58e-15 


<44.00 


44.39 


<-0.397 


s 


0.64 


0.81 


10151 


G 


0.651 
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9.43e-15 


43.17 


42.91 


0.266 


g,P 


0.34 


0.60 


5498 


Q/G 


2.072 


BLAGN 


631 


3.94e-15 


44.03 


44.08 


-0.044 


s 


0.50 


0.87 


31898 


Q/G 


1.029 


BLAGN 


597 


<1.43e-15 


<42.84 


43.11 


<-0.264 


h,p 


-0.17 


0.95 


30792 


Q 


1.920 


BLAGN 


441 


2.63e-15 


43.78 


43.82 


-0.044 


d 




0.91 


25042 


Q 


3.592 


BLAGN 


435 


2.86e-15 


44.47 


44.53 


-0.060 


d 



ID 


ff(J2000) 


<$(J2000) 


V 




o~* 


ElS-name 


Veis 




(U - B) E ,s 


(B - V) ms 


S EIS 


COMBO 


class" 


z 


Spclass'' 


XID 


A(2-8keV) 


Lx 


L fi 


log(X/0) 


notes 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(?) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


(22) 


103 


03:32:32.50 


-27:39:02.4 


23.25 


0.226 


6.3 


J033232.52-273902.6 


23.33 


22.89 


1.33 


0.75 


0.07 


52474 


G 


0.572 


Gal 




<1.67e-15 


<42.28 


42.43 


<-0.145 


g.k 


1 15 


03:32:01.58 


-27:43:27.0 


23.66 


0.335 


8.5 


J03320 1.59-274327.2 


23.34 


23.06 


1.28 


0.24 


0.97 


42882 


Q 


2.726 


BLAGN 
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4.88e-15 


44.41 


44.03 


0.387 


d 


120 


03:33:14.85 


-27:57:49.1 
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0.204 


3.1 


J033314.86-275749.3 


23.96 


23.48 


1.65 


-0.26 


0.87 


13244 


Q 


2.796 


BLAGN 
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1.05e-15 


43.77 


43.88 


-0.112 


s 
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03:31:47.90 
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5.6 
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23.07 


-0.11 


0.57 


0.07 


32231 


G 


0.652 


NELG 




<5.13e-16 


<41.91 


42.49 


<-0.587 


e,k 
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0.08 


0.16 


0.23 


28406 


G 
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Gal 
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43.25 


<-0.354 


g.k 
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03:31:47.94 
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0.292 


6.0 
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23.78 


23.61 


0.34 


-0.27 


0.56 


27530 


G 


1.065 


BLAGN 
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<1.56e-15 


<42.92 


42.80 


<0.114 


d 
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03:32:35.37 


-27:49:20.6 


23.92 


0.261 


4.5 


J033235.38-274920.8 


23.78 


23.51 


0.16 


0.03 


0.15 


30561 


G 


0.666 


Gal 




<6.00e-16 


<42 


42.34 


<-0.342 


f.k 


130 


03:32:28.65 


-27:38:46.5 


23.95 


0.250 


4.0 


J033228.65-273846.8 


24.02 


23.57 


0.01 


0.29 


0.10 


52921 


G 


0.383 


NELG 




<9.66e-16 


<41.63 


41.74 


<-0.112 


g.k 


131 


03:32:35.36 


-28:00:41.2 


24.00 


0.357 


5.7 


J033235. 38-28004 1.4 


24.07 


23.76 


0.13 


0.38 


0.02 


7139 


Q/G 


3.160 


BLAGN 


408 


2.22e-15 


44.23 


43.90 


0.325 


s 



" COMBO-class: G=galaxy, Q=QSO, S=star, U=imclear i Wolf et al. 2004). 

b Spectroscopic class: BLAGN=Broad Line AGN, NELG=Narrow Emission Line Galaxy, Gal=galaxy. 

c Observed in our spectrosco pic follow-up. 

d Spectroscopic redshift from, Szoko lyet al, (2003), ' from lRavikumar et alj S2007), > from Grazian et al. 1 2006$, « from lLe Fevre et alj 120041) , * from lPopesso et alj (2008) 1 from Treister et al. i 2008 ). 

* Our estimate from the CDFS intensity maps; 1 our estimate from the ECDFS intensity maps 

"' Extra-nuclear iLehmer et al. 2006). 

" XID from lGiacconi et alH2002|x 

p Detected in radio by Kellermann et al. i 2008). 



Table 3. Summary of variability and X-ray results in the area with X-ray information. 





galaxies 


NELG 


BLAGN 


NLAGN" 


total 


Variable sources detected in hard X-rays 


1 


3 


42 





46 


Variable sources not detected in hard X-rays 


4 


6 


5 





15 


Total number of variable sources 


5 


9 


47 





61 


Non variable sources detected in hard X-rays 


10 


36 


13 


15 


74 


Non variable sources not detected in hard X-rays 


11 


18 


5 


3 


37 


Total number of non variable sources 


21 


54 


18 


18 


111 


Total 


26 


63 


65 


18 


172 



° NLAGN=NaiTow Line AGN, reported by Szokoly et al." 2004) as high excitation line sources (HEX) and by Treister et al. 1 2008) as obscured AGN (OAGN). 



ID 3 



ID 9 



ID 11 



ID 12 




Fig. 11. Thumb-images (29 x 29 arcsec 2 ) of the sources in TableCQobtained with WFI at ESO/MPI 2.2m with 900s exposure in the V band. 
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Appendix A: Comments on individual objects 

Here we present comments on the individual sources for which 
we have obtained optical spectra during this spectroscopic 
follow-up. 



A.I. Objects with z > 2 

- ID 8: This source has the highest redshift of z em =3.16 in our 
sample. It is outside the area covered by EIS and COMBO- 
17, so the only information we have is our photometry and 
variability measurement. It shows a relatively low, yet signif- 
icant variability of cr*=6.5. In the spectrum there are several 
broad foreground absorption lines, including a damped Lya 
system at z a /, s =2.74. 

- ID 18: Here we find z fm =2.60. This object has been clas- 
sified as QSO by COMBO- 17 and shows X-ray emission. 
The logarithm of the X-ray luminosity (in ergs -1 here and in 
the following) is logLx=44.25, which is typical of an AGN, 
and the variability is significant with <x*=10.0. We find ab- 
sorption features which correspond to Lya, NV and CIV at a 
redshift z fl £j=2.60. 

- ID 24: The redshift of this source is z cm =2.56. Again, it is a 
COMBO-17 QSO with X-ray emission (logL x =44.33) and 

cr* = 11.0. 

- ID 30: Here we determine a redshift of z„„=2.57. This 
source has typical AGN emission in the X-ray band, 
logLx=44.73, and a stellarity index SI=0.98 according to 
EIS. By COMBO-17, it has been classified as galaxy, which 
means that the galaxy light dominated in the 17 bands. 
However, the variability we detect is significant. This is an 
example of the objects that are missed by the colour selection 
and can be retrieved through their variability. Absorption 
lines are detected in the spectrum at a redshift, z fl /,. s =2.56, 
which agrees with the emission. 

- ID 34: This source has a redshift of z em =2.16. It is a 
COMBO-17 QSO with X-ray emission, logL x =44.14, and 
cr*=10.3. The Lya line is partially visible, but at the other 
end of the spectrum we can detect the MgILL2798A line. 



A.2. Objects with 1.5<z<2.0 

- ID 14: This source is classified as QSO by COMBO-17 and 
its luminosity in the X-rays is logLx=44.86. The variability 
measurement is rather high with cr*=11.9. It has a redshift 
of Zem= L95, which a grees with the redshift determination 
bvlNorriTeTall d2006l)TThis source has also been detected in 
radio according tolKellerman n et all (120081) . 

- ID 31: This source is a typical broad-line AGN but it lies out- 
side the area covered by COMBO-17 and the ECDFS, there- 
for we have no SED classification or X-ray emission infor- 
mation available. The variability measurement is cr* =9.0 and 
the redshift determined by the emission lines is z cm =1.96. 

- ID 32: This source has a redshift z fm =1.62. It is classi- 
fied as QSO by COMBO-17, it has an X-ray luminosity of 
logLx=43.80 and shows high variability with <x*=18.6. 

- ID 35: Also this source is at redshift z em =1.62. It has emis- 
sion in the X-rays, is a COMBO-17 QSO and its variability 
measurement is cr*=7.4. 



A3. Objects with 1.0 < z < 1.5 

- ID 26: This is one of the most interesting objects of this spec- 
troscopic campaign. Even though the S/N is not particularly 
high, we securely detect CIII]/H909A and MgIU2798A 
at a redshift z em = 1.33. For this object, even though it is 
well within the field of the ECDFS survey, no X-ray emis- 
sion has been detected. Using the ECDFS intensity maps 
we estimate an upper limit in the hard X-ray band lumi- 
nosity of logLx<43.21. The luminosity in the R band is 
logLfi=44.45. This results to an X-ray-to-optical luminosity 
ratio of log(X/0)<-1.25, which is rather low for an AGN. 
Yet, its variability is high with <x*=13.6. Moreover, this ob- 
ject has been classified as galaxy by the COMBO-17 survey, 
which means that the AGN is swamped by the galaxy light. 
This represents exactly the kind of objects, that are lost by 
other selection methods and can be retrieved by their vari- 
ability. 

- ID 28: This source has a redshift of z cm =1.23. Even though 
it shows X-ray emission (logLx=43.96) it has been classi- 
fied as galaxy by COMBO-17. It has an X-ray-to-optical lu- 
minosity ratio log(X/(9)=-0.38, which is consistent with its 
AGN nature. It has significant variability of cr*=7.3. 

- ID 39: The redshift of this source is z em = 1.1 5 and it is outside 
the area covered by the other catalogues, thus the only infor- 
mation we have is our variability measurement and magni- 
tude. It exhibits a large variability with a very high signif- 
icance, <x*=24.7. The broad line at around 8200 A is, most 
probably, second order contamination of the CIII] emission 
line. 

- ID 44: The S/N of this spectrum is not very high, but we 
can clearly distinguish the two broad emission lines and we 
claim a secure redshift determination of z em =1.37 , whic h 
agrees with the redshift reported by Nor ris et al.l (|2006). 
This is another case of galaxy SED classification with X-ray 
emission typical of AGN (logL x =44.52 and log(X/O)=0.31). 
The variability measurement is marginally significant with 
c*=3.3. It also shows emission in the radio according to 
iKellermann et alj d2008l) . 

A.4. Objects with 0.6 < z < 1.0 

- ID 22: The redshift determination is based on MgIL12798A 
and the forbidden lines [SII]/14069A and [OIII]/15007A. 



Broad H/3 is marginally visible. We derive z em =0.84. This 
source has a high variability measurement of cr*= 19.4, it has 
been classified as QSO by COMBO- 17 and its emission in 
the X-ray band is typical of AGN (logLx=44.17). 

- ID 29: Even though the MgIL12798A line is not very 
prominent, the redshift z em =0.77 is also supported by 
the presence of [OII]^3727A, [NeIII]^3869A, Hfi and the 
[OIII]X14959,5007AA doublet. This object is outside the 
fields of the other surveys and it is considerably variable with 
o-*=16.6. 

- ID 37: This source has a redshift of z em =0.76. Apart 
from the broad MgiL12798A and H/3 lines, there is a very 
prominent [OII]/l3727A line and also [NeIII]i3869A and 
[OIII]i5007A are detected. It is a broad-line AGN with QSO 
SED and X-ray emission of logLx=43.50. 

- ID 43: This is another example of BLAGN, which was not 
selected as such by the COMBO- 17 survey. Its variability 
measurement is high, cr*=20.9, it has X-ray emission typi- 
cal of AGN (logLx=43.05) and is at a redshift of z em =0.68. 
A wide range of emission lines are detected, including 
both broad lines (MgIL12798A, H/3), as well as forbidden 
high ionisation lines like [NeV]/13426A, [NeIII]/l3869A and 
[OIII],LI4959,5007AA. 



A.5. Objects with narrow emission lines (NELG) 

- ID 11: A COMBO- 17 galaxy with variability measure- 
ment cr* =4.0. A wide range of emission lines is detected 
and the redshift is z em =0 .09, which agrees with the re- 
sults of lNorris etall (2006). The line ratios for this source 
are log([NII]/Ha)=-0.34 and logaOIIIl/H/^-0.09, which 
places it in the area of the composite objects in the diagnos- 
tic diagram dKewlev et al.l2006l) . The [OI]i6300A line is not 
as prominent as expected for AGN, but this could be due to 
the fact that it is right next to a sky absorption line. As men- 
tioned above, this candidate has good possibilities of hosting 
a faint active nucleus. In our study, this object has V = 19.39 
which is quite different from the Veis =17.78. This happens 
with all the bright sources with extended image structure and 
it is explained by the fact that our magnitudes are calculated 
for a fixed aperture, instead in the EIS catalogue, the total 
magnitude of the source is reported . This source is detected 
in radio bv lKellermann et ail (2008) but the emission is low, 
compatible with a normal galaxy. We calculated the upper 
limit of the X-ray luminosity in the ECDFS field and it cor- 
responds to logLx <40.86. 

- ID 12: This candidate has z em =0.10 based on a wide range 
of emission lin es and this value a grees with the redshift de- 
termination by IWay et all d2005l) . It is classified as galaxy 
by COMBO-17 and the variability measurement is cr*=3.7. 
Since all the necessary lines are detected, we derive line ra- 
tios. We have log([NII]/Ha)=-0.31 and log([OIII]/Hy8)=0.12 
and these values are consistent again with the composite ob- 
ject locus in the diagnostic diagram. This object is within the 
CDFS area and we have calculated a 3cr upper limit for its 
flux in the 2-8keV band that corresponds to a luminosity of 
logL x <40.37. 

- ID 15: The redshift of this source is z cm =0.21 and it has a 
variability significance of cr*=5.0. We find log([NII]/Ha)=- 
0.41 and log([OIII]/HjS)=-0.31 which suggest a star-forming 
galaxy. Yet, considering the significant variability we cannot 



exclude the presence of a faint AGN and for this reason we 
classify it as NELG. 

- ID 20: This candidate has the largest variability measure- 
ment in this class of objects with <x*=6.8. The emission lines 
indicate a redshift of z„„=0.24. Apart from the Ha/16563A, 
[NII]i6584A doublet and the [OII]^3727A forbidden fine, 
no other lines are detected so we cannot calculate line ra- 
tios. The [SII],Ll6717,6731AAdoubletis visible but not very 
prominent. This source is not in the field of the two X-ray 
surveys, thus we have no upper limit for the X-ray emission. 

- ID 25: This object is in the ECDFS field and the upper 
limit of the X-ray luminosity corresponds to logLx <40.73. 
We derive a redshift of z c ,„=0.10 and the variability is 
cr*=3.5. The H/3 line is not visible, thus we can derive 
only a lower limit on the [OIII]/H/? ratio. However, the ra- 
tio log([NII]/Ha)=-0.58 places this object in an area where 
it is most likely a star-forming galaxy. 

- ID 33: Here the only lines clearly detected are Ha, the 
[NII]/16584A doublet and the [SII]X16717,6731AA doublet 
at z em =0.15. We see that the wings of the narrow emis- 
sion lines are slightly broadened. This could suggest a weak 
AGN. It is worth mentioning that this candidate is in the re- 
gion of the CDFS survey, but it shows no X-ray emission and 
the upper limit we obtain is logLx <40.58. 

- ID 36: The redshift of this candidate is z em =0.15 based on 
Ha, [SII]A6717A and [OII]i3727A. The [NII]^6584A line 
has been suppressed by the sky subtraction. The significance 
of the variability is cr*=3.6. The [OIII]/l5007Ais marginally 
detected. Also this source is outside the X-ray survey fields. 

A.6. Other 

- ID 3: This source has a spectrum typical of normal galaxies 
with 2^=0.13 and it is within the ECDFS field . The red- 
shift d etermination agrees with the value given bv lWav et alj 
(2005). It exhibits X-ray emission in the soft band and an 
upper limit has been determined for its emission in the 2- 
8keV band. This upper limit for the X-ray luminosity in the 
hard band, logL^ <40.74, is lower than the typical AGN 
values (42<logLx <45) and everything seems to suggest 
a normal galaxy. This source has been detected in radio 
( Kellerma nn et al.l 12008) and its emission also suggests a 
normal galaxy. However, normal galaxies are not supposed 
to vary and this candidate has significant variability measure- 
ment with cr*=3.8. 

- ID 9: This candidate is a K-star. Its variability measurement 
is right on the threshold with cr*=3.0. 

- ID 41: This is an M-star with a variability significance 
cr*=5.8. It has been characterised as Galaxy/Unclear by the 
COMBO-17 survey and in the EIS catalogue it has a SI=0.03 
which indicates an extended image structure. This peculiar- 
ity can be explained by the fact that this object is in fact two 
blended sources (see thumb in FigfTTI) although there is no 
indication that it is a physical binary. 



